Abstract-In this paper we present the design framework of a shopping assistant system to be used in supermarkets mainly by elderly or disabled people. The whole system is based on the interaction of three different kinds of electronic devices: a) mobile devices that users carry with them (smart phones or electronic tablets), b) autonomous mobile robots assisting users by displaying information and carrying groceries; and finally, c) the supermarket technological infrastructure (database servers, Wi-Fi and Bluetooth access points, etc.). These components interact through a common technological platform, allowing the user to prepare his/her shopping list, and then using it with the robot as an assistant, during his/her shopping process.
I. INTRODUCTION
Over last years robots have evolved from manufacturing cells, to museum guides, passing successful commercial applications, such as vacuum cleaners, lawn movers and pool cleaners. As both, robots' hardware and software became more complex, new applications, particularly to serve humans in a closer way, are projected. Service robots should have the ability of move and interact with their environment, but mainly with their users, common people, in a friendly way.
On the other hand, while e-commerce has been increasing over the last years, due mainly to the possibility of getting better prices, many people still prefer to visit stores. This it is mainly because people's shopping decision is frequently not only guided by the price of the products, but other factors such as the ambiance of shopping, professional consultation, seeing, touching and trying the products, etc., may have an important effect [1] .
In this order of ideas Service Robots are an interesting solution for helping people on proposed supermarket environments, as they can, apart of carrying groceries, provide useful information such as prices, stock, products location, etc.
In this paper we present the design and experimental implementation of a prototype system to be used in supermarkets, conceived primarily for helping people, possibly with mobility limitations, such as elderly or physical disabled, while doing their shopping.
As an elementary overview of the operation of our proposal, we can say that the user uses a mobile device in order to prepare the shopping list. Then, upon arriving to the supermarket, the user identify himself/herself with the supermarket's shopping technological infrastructure (server), transmitting at this point the shopping list. Then, once the user identified, it is assigned an assistant robot for keep him/her company while shopping. Based on the user's choice, and in order to improve the overall performance of the system, the supermarket server may store some information about the user, such as credit card information, user preferences, shopping habits, etc.), so that the supermarket may "learn" about its users, and using this information for improving the shopping experience. This paper is organized as follow, in section 2, a review of some of the more important related work is presented. In section 3 we present the proposed design and the main parts of our proposal are described in detail. Section 4 concerns the current implementation as well as the evaluation of our proposal made by potential users. Finally in section 5 we present our conclusions and future work.
II. RELATED WORKS
To improve the quality of the services provided to users in supermarkets many developments have been proposed, some of them are nowadays successful applications currently used in different establishments, all around the world. These proposals and developments can be roughly divided in: local infrastructure and fixed locations (kiosks), mobile agents running on personal devices and mobile robotics platforms.
A. Local Infrastructure and Fixed Locations
The most common use of electronic devices in supermarkets has been, for a while, the interactive kiosks, developed for helping people to locate products or services. For example, there are applications on kiosks that allow users to choose a wine and/or a recipe in terms of the selected food.
One of the first proposals including a semiautonomous process is VeggieVision [2] which consist on a scale system able to distinguish different products with the use of a variety of features like, color, texture and density. Recent improvements of this technology [3] , allow us to have in supermarkets, scales systems capable of automatically detect the fruits and vegetables that are weighted. Even if these scales are not still completely robust, they reduce the intervention of the users, to select in some cases, between two or three similar instances [4] . These kiosks are commonly fixed and spread over the supermarket, making customers to search and move to them if they require information.
B. Personal Devices
The use of personal devices (hand-held) improves usersystem interaction while allowing high mobility. Many approaches have been proposed on these devices. For example in [5] it has been proposed the use of a Personal Shopping Assistance that personalizes attention based on individual needs. The system is based on mobile devices and a centralized local server that communicate in real-time.
In [6] an augmented reality shopping assistant device, called PromoPad, is proposed. This hand-held device is able to place products in a contextual setting and can provide complimentary products, enhancing the shopping experience by displaying products and useful information on the screen.
The problem of human interaction with hand-held devices has been treated in [1] . In order to have a friendly interaction they propose the use of an humanized interface.
C. Service Robots
While personal devices offer mobility, recent studies, as in [7] , show that elderly people prefer a conversational robot than a quiet companion assistance. These studies have been achieved with a partially tele-operated robot in real conditions with users not familiarized at all with robotics research.
Service robots in supermarket and/or mall environments present many challenging tasks, some of them have been solved at least partially. For example in [8] , autonomous mobile robot localization (SLAM) and reactive path planning problems are addressed. The problem of customer detection and path planning as an anticipatory behavior for a friendly social interaction has been treated on [9] and [10] .
In [11] it is presented a shopping assistance robot for visually impaired. In this work, the robot is able to provide user with spatial cognition and information about products selection. On other hand, telepresence through the use of robots in supermarkets has also been tried, for example in [12] , where a robot for remote shopping is presented. This robot is able to manipulate objects on this environments based on a teleoperated approach.
Autonomous robot as shopping guides is another explored branch in the field, for example in [13] it is presented a robot that can interact with people on a supermarket environment and guide them to a location where some products are located. The robot stays for a while waiting for scanning products or if necessary to call a salesperson. If the customer does not require more assistance the robot begins a new exploration in the search of new customers. On the mentioned work, the robot does not accompany the client during their shopping and only offers, some punctual services, as mentioned.
In order to have a friendly human-robot interaction, robots require showing "emotions" as a human affective retro-alimentation process; these problems have been treated in [14] and [15] .
III. SYSTEM DESCRIPTION
In this paper, we propose the design of a complete shopping assistance system that permits people, possibly elderly of disabled, to have the support of an physical agent during all their shopping process with the added value of a complete connectivity with supermarket resources and a friendly user-interface. Although our proposal is addressed for any kind of public, elderly or disabled people may be considered a particularly important target, since this kind of developments might help them in accomplishing their shopping with a reduced effort.
Our proposal is composed of three main active components: smartphones, mobile robots, and local infrastructure. In the Fig. 1 , it is shown the general architectural structure of the proposed system. As we can clearly see, in this figure the main components of our proposal appear. The user can upload his/her shopping list, either directly or by using a laptop or desktop computer, to a mobile device. Then, and without detailing at this moment technical aspects, when arriving at the shopping center, the user's shopping list is uploaded to the store server, and once a robot has been assigned to the user, the user's shopping list is sent to the robot, and the interaction between the robot and the user can then start. This mode to work is the main subject of this work, and will be explained in detail in the next sections.
A. Scenario description
Entering into a more detailed description, and assuming that the user has already captured his/her shopping list into the mobile device, the system interaction begins with the arriving of user to the supermarket main entrance. At that moment the user sets a personal mobile device to establish communication with supermarket sever in order to provide user identification and consequently user's shopping list.
The user is then asked to identify himself by a Personal Identification Number (PIN) that has been previously stored in the system. Once done, the local system assigns a personal service robot that will go to meet the client. A new ID confirmation is done at this stage in order to assure a successful contact with assigned robot.
Knowing people preferences personal robot is able to provide the best path to follow at the interior of supermarket in order to accomplish the filling of the products noted on the user's list. At all moment, client could take another path to search for another product not in list or to take a look on some of the available offers. Robot is then able to provide at all moment new paths in function of the user actions.
In case that the user prefers following his own path, robot does not provide any proposal and then follows customer at all moment. Robot is able at all moment to establish communication with local servers through the wireless connection (Wi-Fi or Bluetooth) and can recover useful information about products such as expiration date, number of units in stock, etc.
In order to ensure an effective service, the system should also be responsible for maintaining the shopping list, for example by marking taken products and adding products not initially listed, but added by the user.
B. Mobile Devices
When going shopping most people prepare a shopping list on a piece of paper. Then, as long as the client goes picking the products on the list, and eventually, some others write a mark on their list, denoting that a given product has already been put in the shopping cart. This rudimentary way to work is the usual way for the majority of people while doing shopping, and it has been like this since a long time ago.
Today, the use of mobile devices as mobile phones has become an essential part in the life of many people mainly in urban areas. Therefore, the use of smartphones or pads for creating shopping lists, instead of the traditional piece of paper, sounds to be a logical evolution.
Moreover, given the fact that this kind of devices have already built-in communication facilities, it would not be absurd thinking about the possibility of transmitting a shopping list to the system. Then it could be capable to help users in a more effective way.
The user's mobile device is primarily used as a medium for capturing and transporting the shopping list and as a way of identification. However, this device could be also a way of communication between the user and the robot or the supermarket, for example, when user and robot separated caused by a crowd.
C. The Supermarket Shopping Server
An application running on the Supermarket Shopping Server, will manage the connection requests coming from the users' mobile devices. When a new user is registered in the supermarket, the server adds the MAC address of the mobile device to the list of known devices and associating this address with the user's ID. Once this is done, the server receives the shopping list and selects an idle Robotic Assistant, providing it with the user's shopping list, and assigning it to the user. The user is informed about which Robotic Assistant has been assigned to him/her. This server will be in charge of managing and coordinating the whole operation of the system, from the initial connection, to the transmission of the shopping lists from the mobile devices, and to the robots, as well as of managing all the logistics related to the administration of the robots themselves.
At any moment the server will be able to detect the position into the supermarket of every single robot, determining also, the percentage of the shopping list already in the shopping cart (which would be a medium for estimating the time left for the user into the supermarket), as well as the level of charge of the battery of each robot, and in this way establishing the best strategy for sending them to be recharged.
Crossing the information about the status of the robot, as well as the shopping habits of a particular client (let us say, how much time that client takes for doing his shopping), the server will be capable to do the best assigning of robots to users. This is not a simple task, and should be carefully performed in order to allow every single robot to fully satisfy the expectations of every single user.
D. The Robotic Assistant
Apart of proposing a plausibly optimized path and/or to follow a client while he/she is picking products, the robot will display all the time on its screen the user's shopping list and the total cost of products currently carried.
A user wishing to add a given product to the shopping cart should present it to the robot. Then the robot would present on its screen the relevant information about the product itself, asking the user whether or no to add it to the shopping cart and how many units. In this way the robot would keep a record of the shopping activity of the user. On the screen of the robot it would be permanently displayed the shopping list, clearly indicating which products are already in the shopping cart, and which of them are not yet.
On the other hand, if the item is not in the list, the Robotic Assistant will ask the user whether he/she wants to add it or not. Also if the user shows an item that is already checked, the Robotic Assistant will ask if more units of that item should be added, eliminated or totally removed.
IV. CURRENT IMPLEMENTATION
In order to validate our system design and before testing on real conditions, a local implementation has been done.
A. Mobile Devices
We have implement an application for mobile devices using the Java 2 Micro Edition (J2ME) on a mobile phone. This application allows to edit the shopping list directly on the device, or receiving a list previously edited on a laptop or desktop computer.
On Fig. 2 , it is shown the current design of this application. It is very important to note that no restrictions about the way of writing the list are given to the user. The user can write in his/her list, in the same way as it would do it on a piece of paper, e.g. kind of products (milk, sugar, soap, etc.), specific brands or generic names. The way as it can be discriminated and matched by the system is an actual field of research of the group and it is out of the scope of this paper. As previously stated, when a user enters in the store, his/her mobile device application communicates with the supermarket servers providing user's ID and shopping list. The supermarket server asks then for an ID confirmation by the previously mentioned PIN, avoiding with that identity theft. Once the ID verified, supermarket servers sends to the mobile device an QR-code which should be used at this stage of the project as identification with the assigned robot.
B. Local Server and Infrastructure Communication
The server at this stage is a desktop computer connected to the local network, providing devices communication by
Wi-Fi and Bluetooh access points in the local building.
Once server has corroborated user's identity and send it to him/her the QR-code, it contact the robot and send the user's shopping list, the information contained in the QR-code and some users preferences. At this stage only if user prefer to follow or being followed by the robot are considered as preferences.
C. Mobile Robotic Assistant
The Robotic Assistant prototype was implemented using a mobile robot platform Pioneer 3DX from Adept Mobile Robots with a laser range finder, a complete ring of sonars and bumpers. In order to fulfill project requirements, a pan/tilt/zoom IP camera, a touch screen, microphone and speakers have been attached. This mobile platform is able to carry a small supermarket caddy for groceries.
Our mobile robot platform has already implemented different modules for navigation and localization, path planning, face recognition, and some other, not described in this paper. A specific module for supermarket Human-Robot interaction has been developed for this project, taking into account previously mentioned considerations.
In order to have a friendly human-robot interaction, the display of the robot has been divided in three zones: a) a region where is shown the user's shopping list and their evolution, b) a zone where is provided information, for example at the beginning here is shown the stored photo of the user, and c) a region where the user can see what the robot's camera is detecting (Fig 3) . In order to help the robot obtaining more of the product information, in an automatic way, such as expiration date, price, calories, a brief description, etc. It is necessary to implement a different and more efficient method than a simple barcode detection, which only provides an id of the product. Having most of the information in the product itself will reduce queries and network traffic, as also it will accelerates processes. This is the reason why we have decided to set 2D QR-codes into the products, the robot is able to detect and recognize this codes and obtain all the information stored on it.
On the other hand, humans do not like to deal with kiosk to search for product prices. In fact in [4] it is reported that sometimes users prefer to leave products that are not properly labeled before dealing with kiosks. To take this into account, it is essential that the robotic assistance has the ability to track products in front of the camera. In order to deal with this aspect, a fuzzy controller over pan, tilt and zoom camera capabilities has been implemented [16] , making easier QR-code detection and recognition, while reducing human effort.
Once an QR-code has been detected and decoded, the robot searches for the product in the users shopping list: if the product is on it then product is colored on green (initially all products are in red), if the product is not in the list the product is adde to it and displayed in a yellow color. User are able to see evolution of their list as they are picking products, and at the same time they could have an estimation of the total account.
Application has also the possibility of adding or eliminating products by a + or -signs aside the product in the list (Fig. 3) . In future implementations this will be done automatically, by detecting products in the caddy.
D. Users Evaluation
In order to obtain a feedback on how this system can be introduced to the society, as well as the easiness on using our entire framework, we have performed some user studies in the street with people which are not related with robotics. We took 51 random participants aged between 17 and 73 years old, those people were invited to try the system and then to answer some questions about their experience.
It is important to mention that in the study we made with real users we did not focus specially on elderly or disabled people since a representative sample was not at our reach. So we took a sample of simply non-specialist potential users, and them assuming that the obtained results can be assumed for every kind of user.
The information, obtained from the survey, is divided in two: the evaluation of the easiness of use and the people's opinion about the possibility of implementing a system like ours in a. In the first part the participants have shown a good acceptance of this kind of technology as it is illustrated in Figure 4 , the preferences were rated on one hand in easiness/usefulness from 1, "not friendly at all", to 5 "very easy to use". On the other hand in their aspect, 1 for "not understandable/ugly" to 5 "very clear". In the second part, we wanted to study if it would be viable to have this robot as a supermarket service or as other service (i.e. personal robot or anything else), and we could obtain some curious information about this particular service robot as we can observe on Figure 5 , people show a markable preference in having this application as a service provided by the supermarket rather than a personal robot, it may be caused by costs of the product. Nevertheless, male users show to be more interested on personal robots than female users, so the market publicity for personal robots at home may be more oriented to men than to women. Based on these studies we could infer that the system can be exploited in different ways: help for handicapped, company for elderly, information retrieval for supermarkets as for users and market strategies for inviting custumers, among other applications.
V. CONCLUSIONS AND FUTURE WORK
In this paper it has been presented a new framework for supermarket shopping assistance robots, which it is intended to help not only to handicapped people in doing shopping with more freedom, but also to regular people, providing instant information about products, the total amount of the shopping as also company for people, between other applications.
As far as we can see this is a very relevant work, since we have not found similar works when analyzing the state of the art. This project is only the beginning of a whole system, which can support and aid elderly and handicapped people. We tried to create a system that could be used by anyone, with a simple interface and bringing the product information that the user could need. Other modules like manipulation, navigation or speech will be incorporated to the system with the participation and collaboration of students and professors. In future implementations a face recognition module is considered to be developed and implemented.
In some of the implementations where we are currently working, the server will search each item of the users list on the store database, showing which products are not in stock in advance, allowing the user to decide if he/she wants or not to buy that day. Furthermore, we will obtain more information about human preferences, measures and opinions are needed in order to get a more robust, complete and acceptable service robot system.
